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Characterization of titanium—niobium orthodontic archwires used in orthodontic
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The titanium-niobium (TiNb) alloys are known as superconducting materials and they are used for the production of
superconducting wires. They are also widely applied in the medicine, for the needs of orthopaedic reconstructive
surgery, implantology etc. due to their properties, as high biocompatibility and high corrosion resistance. Recently, this
material has been incorporated in orthodontic braces as finishing archwire during the process of orthodontic treatment.
On the market exist different types of archwires, developed by many producers, which obey specifications necessary to
apply them during orthodontic patient treatment. But properties of these archwires are deteriorating with time. To apply
them properly it is needed to find the reasons of such deterioration and the methods to register it. We try to gather such
knowledge — this time for some archwires produced by the ORMCO Company — TiNb ones.

The analyses were carried out by the independent techniques: X-ray diffraction analysis (XRD), Scanning Electronic
Microscopy (SEM), Energy Dispersive Spectroscopy (EDX) and Differential Scanning Calorimetry (DSC) and Physical
Property Measurement System (PPMS). The composition of the wires was established to be: 57,15wt% Ti and
42,85wt% Nb. The low temperature magnetic studies revealed that the material possessed superconducting properties
with transition to zero resistant state at about 10K and above this superconducting transition temperature, the material
was paramagnetic. From DSC results it has been concluded that there was no thermal transition of the alloy in the
temperature range from -50°C to +50°C. The received knowledge will allow to estimation of the safe TiNb archwires
application in orthodontic treatment.
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Due to their low elasticity modulus titanium alloys
are beneficial for distributing the stresses between
bones and implants [8]. With addition of Nb elastic
modulus is further reduced and corrosion resistance

INTRODUCTION

Titanium — Niobium alloys are well known as
cryogenic materials [1], exhibiting

superconductivity they are used in superconductor
production [2-3]. Due to this property they find an
application in magnets for nuclear magnetic
resonance imaging systems [4]. This alloy is
composed of two of the five elements (Nb, Ta, Ti,
Zr and Pt) which do not cause tissue reactions [5-
6], it has excellent corrosion resistance and
biocompatibility [7]. This is the reason for its wide
use in medicine as a substituting material in
reconstructive orthopedic surgery and implants.

is improved [9].

Orthodontic archwires, as a material placed in
the oral cavity, in addition to good mechanical
properties must also be biocompatible. A number of
cases of allergic reactions to orthodontic materials
are known and are caused primarily by the release
of Ni ions [10-11]. In these cases use of an alloy
which does not contain nickel is recommended [12-
13]. During the aligment phase of treatment
composite arches [14] may be used or ion-impacted
Ni-Ti arches in which an amorphous surface layer
is formed, inhibiting corrosion and release of Ni
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TMA arches containing Ti and Mo [16] are most
commonly used. As an alternative to this non
nickel-containing alloy an innovative Ti-Nb alloy
arch is proposed [17] for this there is little available
data. This archwire possesses extremely high
corrosion resistance thanks to a surface layer of
Nb.Os, inhibiting the action of fluoride ions
responsible for quick corrosion in the oral cavity
[18]. In light of its mechanical properties [19] and
high friction coefficient [20] it is suitable for the
finishing stages of orthodontic treatment, in which
bracket sliding is not needed and applying finishing
bends is necessary.

The aim of this study is to make characterization
of the microstructure, chemical composition and
investigation of magnetic properties of two types,
as-received TiNb wires, produced by the ORMCO
Company. The received knowledge will allow to
estimation of the safe TiNb archwires application in
orthodontic treatment.

MATERIALS AND METHODS

TiNb orthodontic archwires produced by
ORMCO Company, CA, USA, with two different
cross sections — 0.019x0.025 inches? (0.48 x 0.63
mm?) and 0.017x0.025 inches? (0.43 x 0.63 mm?)
were investigated. Cut wire pieces of both type as-
received TiNb archwires were studied with
different techniques, as X-ray Powder Diffraction
(XRD), Scanning Electron Microscope (SEM),
Energy-Dispersive X-ray microanalysis (EDX),
Differential Scanning Calorimeter (DSC) and
Physical Property Measurement System (PPMS).

To determinate the structure of the material it is
used X-ray Powder Diffractometer X'Pert Pro, with
low-temperature  nitrogen  blower attachment
Oxford Cryosystem and high-temperature closed
attachment HTK 1200 from Anton Paar. The SEM
tests were performed using Philips 515 Scanning
Electron Microscope with accelerating voltage 0.2
to 30 kV. The composition of the archwires was
obtained by EDX method using Bruker Esprit 1.8
system. Minimum acceptable accelerating voltage
of 20 kV was applied. Quantification of the EDX
results was performed by interactive PB-ZAF
standardless method. The DSC analyses were
performed using a differential scanning calorimeter
Perkin - Elmer — 8000 with TGA attachment model
PE-TGA4000. Before introducing the sample in the
DSC apparatus for each individual test a calibration
with indium was made. The temperature range of
DSC is from - 170°C to +600°C. The samples were
scanned from -50°C to +50°C and back to -50°C
with 20°C per minute. The magnetic properties of
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the samples were tested with PPMS from Quantum
Design, Inc. which conducts research in the
temperature range 1.9K-400K in a magnetic field
up to 9T.

RESULTS AND DISCUSSIONS

Fig. 1 displays the diffraction pattern of TiNb
(0.019x0.025 inches?) archwire. The registered
diffractions picks demonstrate presence of Ti and
Nb, corresponding with the results reported by Mi-
Kyung Ha et all. [21], whose indicate that TiNb
alloys are more sensitive to the Nb content.
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Fig. 1. XRD pattern on TiNb archwire
0.019x0.025inches?

Fig. 2. SEM images of as-received archwire 0.017x0.025
inches? (a) and 0.019x0.025 inches? (b)

Report about the change in the surface
morphology of the archwires with both dimensions
is obtained by SEM. The SEM micrographs of two
types as-produced TiNb archwire are presented in
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Fig. 2a for 0.017x0.025 inches? and Fig. 2b for
0.019x0.025 inches?. Typical surface morphology
of wires produced of metal alloys by extrusion is
clearly seen. Some defects on the surface,
predominantly in the case of 0.019 x 0.025 inches?
archwire are detected. They might be very
deteriorating for applied archwires, as existing
micro-cracking and voids might deepen during
patient curing and to worse mechanical properties
of the archwires (elasticity and shape memory).

For further information of the composition of
the surface topography is used EDX. This method
allows quantitative identification of the chemical
composition by elements. For higher certainty EDX
was done in 4 parts of each investigated piece of
the both as-received TiNb archwires (0.019 x 0.025
inches?; 0.017 x 0.025 inches?). The analysis
confirms that the main components of the archwires
are only Ti and Nb (Table 1. and Table 2.).

Table 1. Elements content in as-received TiNb archwire
(0.019 x 0.025 inches?).

Spectrum 1 2 3 4
Elements Wit% Wit% Wit% Wit%
Titanium 57,15 57,52 57,05 57,11
Niobium 42,85 42,48 42,95 42,89
Total 100,00 100,00 100,00 100,00

Table 2. Elements content in as-received TiNb archwire
(0.017 x 0.025 inches?)

Spectrum 1 2 3 4
Elements Wit% Wit% Wit% Wit%
Titanium 57,26 57,21 57,87 57,57
Niobium 42,74 42,79 42,13 42,43
Total 100,00 100,00 100,00 100,00

There is no presence of additional elements as
chromium, cobalt, copper, which are registered on
the other popular archwires as NiTi and CuNiTi [22
- 25]. In the orthodontic archwire with the (0.019 x
0.025 inches?) dimension, has average value of the
elemental composition with approximately Ti 57.20
wt. % and Nb 42.79 wt. % . Respectlivity, for the
(0.017 x 0.025 inches?) archwire, Ti 57.47 wt. % nd
Nb 42.52 wt. % .

In orthodontics different archwires are used, in
some of them (for example heat-activated) the
temperature changes lead to changes in the
mechanical properties of the archwires. These
archwires at body temperature have an austenitic
structure and possess high elasticity and shape
memory. With cooling of the archwires out of the
patient’s mouth with cryogenic spray to -50 °C, the

structure of the material changes to martensitic and
the material becomes flexible, easily deformable
and adaptable. After placing it in the mouth at 37
°C, the archwire gradually warms up and changes
the structure into austenitic again. That is why it is
useful to investigate the thermal behavior of TiNb
archwires, which are a new material applied in
orthodontics. In this study DSC method is used to
verify if there is a transition temperature for the
austenitic, martensitic, and rhombohedral (R)
structure phases in representative as-received TiNb
archwires. For DSC analyses very small samples
were prepared and a special test cell is able to cool
and heat slowly the sample with a very precise rate.
During the cooling or heating process, the cell
indicates whether the sample is either giving off
more heat or absorbing more heat in exothermic or
endothermic reactions, respectively [26]. On Figure
5 are shown DSC curves, which demonstrate that
there is no thermal transition on the both 0.019 x
0.025 inches? (Fig. 3a) and 0.017 x 0.025 inches?
(Fig. 3b) archwires, measured in the temperature
range from -50 °C to +50 °C.
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Fig. 3. DSC analysis on as-received TiNb archwires
0.017x0.025 inches? (a) and 0.019x 0.025 inches? (b)

It is known that the metals Ti and Nb become
superconducting at sufficiently low temperatures.
Solid solution of Ti and Nb, which can be obtained
for the whole range of compositions, is also
superconducting and its properties depends mainly
on composition, structure and heat-treatment,
respectively. Allowing a—titanium precipitate in
the volume of TiNb solution leads to obtaining of
superconducting material with very high current
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density values. This material is used for wire
production necessary for superconducting magnets
[27]. In order to obtain more information about
archwire, made from TiNb alloy, used in
orthodontic medicine we studied also their
magnetic properties at low temperatures. The
results shown on Fig. 4 demonstrate that at about
10K real part of susceptibility changes abruptly
from small negative value to strong diamagnetic
one, proving that material is superconducting.
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Fig. 4. Temperature dependence of the magnetic
susceptibility of TiNb archwire (0.019 x 0.025 inches?)

Although the material is superconducting it can
carry very limited current, what can be seen from
Fig. 5, where magnetic hysteresis measured at 2K is
presented.

1.0

NbTi
081

+ 22K
0,6 4
0,4 4
0,0 4
02 M NW
-0,4 4
0,6
.0(8 4

-1.0

Magnetization [emu]

-le+5 -8e+4 6e+4 Aeﬂi 2e+4 2e+4 deA 6e+4 8e+4 1e+5
Field Intensity [Gs]

Fig. 5. Magnetic measurements on TiNb archwire
(0.019 x 0.025 inches?).

Above superconducting transition 10 K, the
material is  weakly paramagnetic.  Future
measurements will be made near room temperature
where  very precise DC  magnetization
measurements are needed.

These results for as-received TiNb archwires
from ORMCO Company, will help the orthodonts
to apply them successfully for patients treatment.

CONCLUSIONS
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The manufacturers are experimenting with the
elements of the alloys in order to establish and to
improve the properties of the titanium archwires.
That’s why it is important to obtain the first profile
of the elements and structure of TiNb archwires
used for orthodontic appliances. Our results showed
that the 0.019 x 0.025 inches? archwire has
elemental composition, approximately Ti 57.20 wt
% and Nb 42.79 wt%. Respectlivity, for the (0.017
x 0.025 inches?) archwire, Ti 57.47 wt% and Nb
4252 wt%. The DSC results made in the
temperature range from -50°C to +50°C, showed
that this archwire has no thermal transition. The
magnetic properties of the archwires showed that
this alloy is superconductor at 10K, and above
superconducting  transition the material s
paramagnetic. The received knowledge will allow
to estimation of the safe TiNb archwires
application, as well as during the treatment.

Acknowledgements: This work was a part of an
inter-academic collaboration project between the
Bulgarian Academy of Sciences, Estonian Academy
of Science, Tallinn University of Technology,
Institute of Low Temperature and Structure
Research, Polish Academy of Sciences and INERA
project [REGPOT-2012-2013-1 NMP].

REFERENCES

1. E. D. Marquardt, R. Radebaugh, (Proc. 11th Int.
Cryo. Conf., Keystone, Colorado, 2000), R.G.
Ross, Jr. (ed.), Kluwer Acad./Plenum Publ., New
York, 2001, p. 681.

2. https://cds.cern.ch/record/796105/files/CER
N-2004-006.pdf.pdf.

3. http://web.ornl.gov/info/reports/1976/344560
0237081.pdf.

4. D. Cardwell, D. Gineley, Technology &
Engineering, Handbook of Supercon. Mater.
Vol 1, CRC Press, 2003.

5. K. Wang, Mat. Sci. and Eng., 213, 134
(1996).

6. M. Niinomi, Sci. Technol. Adv. Mater., 4,
445 (2003).

7. Y. Li, Ch. Yang, H. Zhao, Sh. Qu, X. Li, Yu.
Li, Materials, 7, 1709, (2014).

8. M. Niinomi, Mater. Sci. Forum., 193, 539
(2007).

9. M. Abdel-Hady, H. Fuwa, K. Hinoshita, H.
Kimura, Y. Shinzato, M. Morinaga, Scr.
Mater., 57, 1000 (2007).

10. J. Noble, Brit. Dent. J., 204, 297 (2008).

11. O. Kolokitha, E. Chatzistavrou, Angle
Orthod., 79, 186 (2009).


https://cds.cern.ch/record/796105/files/CERN-2004-006.pdf.pdf
https://cds.cern.ch/record/796105/files/CERN-2004-006.pdf.pdf
http://web.ornl.gov/info/reports/1976/3445600237081.pdf
http://web.ornl.gov/info/reports/1976/3445600237081.pdf
http://www.sciencedirect.com/science/journal/09215093

12

13.
14.
15.
16.
17.
18.

19.

llievska et al.: Characterization of titanium-niobium orthodontic archwires used in orthodontic treatment...

. A. Chitharanjan, J. Orthod. Sci., 4, 83
(2012).

S. Maheshwari, S. Verma, S. Dhiman, J.
Dent. Mater. and Tehnol., 4, 111 (2015).

V. Naik, K. Mavani, Ind. J Den. Adv., 4, 259
(2015).
H. Kim, J. Johnson, Angle Orthod., 69, 39
(1999).

C. Burstone, A. Goldberg, Am. J. Orthod.,
77,121 (1980).

R. Kusy, Angle Orthod., 72, 501 (2002).

H. Huang, C. Wang, S. Chiu, J. Wang, Y.
Liaw, T. Lee, F. Chen, Chin. Dent. J., 24,
134, (2005).

M. Dalstra, G. Denes, B. Melsen, Clin.
Orthod. Res., 3, 6 (2000).

20.

21.

22.

23.

24,
25.

26.

217.

R. Vijayalakshmi, K. Nagachandran, P.
Kummi, P Jayakumar, Ind. J. Dent. Res., 20,
448 (2009).

M. Han, J. Kim, M. Hwang, H. Song and
Y.J. Park, Materials, 8, 5986 (2015).

V. Petrov, S. Terzieva, V. Tumbalev, V.
Mikli, L. Andreeva, A. Stoyanova-lvanova,
Bul. Chem. Commun., 47, 54 (2015).

T. Chaturvedi, The Orthod. Cyber J., January
(2008), online: www.orthocj.com.

R. Kusy, Angle Orthod., 67, 197 (1997).

O. Prymak, A. Klocke, B. Kahl-Nieke, M.
Epple, Mat. Sci. and Eng., 378, 110 (2004).
D. Fernandes, R. Peres, A. Mendes, C. Elias,
ISRN Dent., 2011, 132408 (2011).
http://spectrum.ieee.org/biomedical/imaging/
superconductivitys-first-century.

OXAPAKTEPU3NPAHE HA TUTAH- HUOBUEBU OPTOJOHTCKHN ABI'U N3ITOJI3BAHU
TP OPTOJJOHTCKO JIEHEHNE

U. Unuesckal, /. Kapamanosa?, B. Iletpos®, A. 3anecku*, M. Jlpo3a*, B. Muxin®,
A. K. CrossHoBa-MBanosal

YUncmumym no usuxa na mevpoomo msno ,, Axao. Ieopeu Haooxcaxoe“, Bvnzapcka Axademus na Hayxume, Byn.
, Hapuepaocko woce* 72, 1784 Cogpus, Bvreapus

2Uncmumym no onmuynu mMamepuanu u mexrono2uu, bvieapcka Axademus na Haykume, 6ya. Axao. Feopeu Bonues,
61.109, 1113, Cogus, Pvreapus

3Daxynmem no denmanna meouyuna, Meouyuncku Yuusepcumem , Cogpus, byn. ,, Ce.Cs. I'eopeu Coghuiicku ™ 1,1431

Cogus, Bvreapus

*Uncmumym no nucku memnepamypu u cmpykmypnu uscieoeanus, Ioncka Axademus na Haykume, ya. Oxonna 2, 50-
422, Bpoynas, Ilonwa
Senmuvp 3a uscneosane na mamepuanu kom Taruncku Texnonoeuven Ynusepcumem — Tanun,
Exumuame 5, 19086 Tanun, Ecmonus

[ocrermna va 10 oktomBpu 2016 r.; kopurupana Ha 11 HoemBpH, 2016 T.

(Pesrome)

Turtan-unobueBure (TiNb) cmmaBu ca HW3BECTHH KAaTO CBPBXIPOBOJUMH MaTepwald M C€ U3IMO0J3BaT 3a
TIPOU3BOJICTBOTO Ha CBPBHXMPOBOIUMH Kabemu. [lopann TeXHUTE CBOWCTBA KaTO BHCOKA OMOCHBMECTHMOCT M BHCOKA
yCTOﬁ‘IHBOCT Ha KOpOo3usda, TC€ HaMHpaT MIHUPOKO IMPHUIOKCHUE B MEAUIMHATA, 3a HYXIATEC HAa OPTONCANYHO-
PEKOHCTPYKTHUBHATA XUPYPTHUs, HIMILIAHTOJIOTHATa U 1p. Hamocnenpk, TO3W MaTepuan ce M3IM0JI3Ba 3a N3pad0TBAHETO
Ha OPTOJIOHTCKA JIbI'a, U3I0JI3BaHa B MOCJIEHUS €Tal Ha OPTOJJOHTCKOTO JIUEHHUE.

Ha nazapa ce npeanarar pa3iauuHy BUJOBE OPTOAOHTCKU JbI'U, OT Pa3IMUHU MPOU3BOJUTENHN, KOUTO C€ OJUUHABAT
HAa CrieIU(pUKAINNA, HEOOXOIMMH, 32 TIXHOTO MpUJIaraHe Mo BpeMe Ha OPTOAOHTCKOTO JiedeHue. Ho cBolicTBara Ha Te3u
J'BTH MOTAT Jla c€ MPOMEHAT MO BpeMe Ha JICUCHHETO W 3a MPABHIIHOTO UM MpUIIaraHe € HeoOXOAMMO Jja ce HaMepsT
METOJIM, Ype3 KOUTO T3 CBOMCTBA Ma ObAaT mpocieasBaHu. llenta Ha ToBa M3cieqBaHE € Ja ce MONydyaT JaHHH 3a
CTPYKTYypaTa, XUMHYHUS ChCTaB M (u3myHuTe cBodicTBa Ha TiNb opTomoHTCKa abra, mpomsBeleHa OT Qupmara
ORMCO.
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